Evaluating trends in water quality indicators is a crucial issue in integrated water resource management in any country. In this study eight chemical and physical water quality indicators were analysed in seven river profiles in the River Laborec in eastern Slovakia. The analysed water quality parameters were biochemical oxygen demand (BOD 5 ), chemical oxygen demand (COD Cr ), pH, temperature (t), ammonium nitrogen (NH 4 + -N), nitrite nitrogen (NO 2 --N), nitrate nitrogen (NO 3 --N), and total phosphorus (TP). Data from the monitored indicators were provided by the Košice branch of the Slovakian Water Management Company, over a period of 15 years from 1999 to 2013. Mann-Kendall non-parametric statistical test was used for the trend analysis. Biochemical and chemical oxygen demand, ammonium and nitrite nitrogen content exhibit decreasing trends in the River Laborec. Decreasing agricultural activity in the area has had a significant impact on the trends in these parameters. However, NO 2 --N was the significant parameter of water quality because it mostly exceeds the limit value set in Slovak legislation, Regulation No. 269/2010 Coll. In addition, water temperature revealed an increasing trend which could be caused by global increase in air temperature. These results indicate that human activity significantly impacts the water quality.
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Major constraints on European water bodies are water contamination, floods events, droughts, and modification to rivers. Contamination of aquatic ecosystems has its origin in the development of agriculture, industry, municipalities and other sources [1, 2] . The term contamination refers to water that has been degraded by human activity. The resolution of pollution issues in water bodies requires a whole catchment system thinking approach (point and/or non-point source). The major point sources of pollution in water bodies originate from the collection and discharge of waste water from households and from industry, and agricultural activities such as animal rearing. Many other agricultural activities, such as pesticide spraying or fertiliser applications, are considered as non-point sources of pollution. Trends in nutrient concentrations in recent years have been identified in Swedish farmland rivers [2] , Latvian rivers [3] , and Slovakian rivers [4] [5] [6] . Several mathematical and numerical models have been developed to simulate water quality in river basins and pollutant spreading in streams; ZNEC [7] , MODI [8] , and a model based on dimensional analysis [9] [10] [11] as well as water quality indexes [12, 13] .
Mathematical and statistical tools were used during the previous decade to handle river discharge, channel flow, flood prediction, water quality, and assessment of sediment and pollutant transport. Temporal and spatial patterns of surface water quality were evaluated on a catchment scale. Factor analysis was applied to identify which parameters were important in evaluating seasonal and spatial variations in surface water quality on a large scale.
Dissolved oxygen (DO), chemical oxygen demand (manganese) (COD Mn ), and 5-day biochemical oxygen demand (BOD 5 ), ammonium nitrogen (NH 4 + -N), total nitrogen (TN), total phosphorus (TP), and electrical conductivity (EC) were the predominant indicators involved in variation of water quality. Specifically, using the seasonal Kendall test revealed decreasing COD Mn , BOD 5 , NH 4 + -N, petrol, V-phen, and EC concentrations over 11 years of investigations [14] . Zhang et al. [15] studied the impact of climate changes on water quality in reservoirs. Nine water indicators (water temperature, NH 4 + -N, NH 3 --N, TN, TP, COD, BOD and DO) and three climate indicators (air temperature, precipitation and wind) were investigated in the period from 1992-2011. The annual trends exhibited significant changes. Non-parametric regression of the statistical analyses was done to identify climate drivers of water quality in reservoirs. The analyses indicated that seasonal changes in temperature and rainfall may have significant impacts on water quality. Furthermore, Lutz et al. [16] dealt with a similar topic, analyzing recent trends in hydro-climatic parameters and nitrate pollution in three climatologically Mediterranean catchment areas: the Adige, Ebro and Sava river basins. Mann-Kendall trend testing was applied to the annual mean temperature, precipitation, stream flow and monthly nitrate concentrations in these river basins. Nitrate pollution decreased in all study areas. For comparison, Yenilmez et al. [17] analysed trends in water quality parameters using the Mann-Kendall test during a period of 10 years, monitoring trends in the yearly averages of precipitation, lake volume and ambient temperature, and investigating changes in (DO), (TP), total suspended solids (TSS), and secchi depth (SD). Mann-Kendall testing revealed that precipitation, volume and ambient temperature values exhibited negative trends during the period 1998-2008. DO and TSS exhibited negative trends while TP and SD had positive trends in the investigated lake. The obtained results revealed the influence of eutrophic conditions, water balance and drought on the water quality. In addition to the Mann-Kendall trend test for water quality trends, another trend method was developed by Sen [18] and applied by Kisi and Ay [19] for water parameter testing. Low, medium and high values of the following water parameters were analysed: pH, temperature (t), electrical conductivity (EC), sodium (Na + ), potassium (K + ), carbonates (CO 3 -2 ), bicarbonates (HCO 3 -), chlorides (Cl -), sulphates (SO 4 -2 ), boron (B +3 ) and stream flow (Q) recorded at five different stations. The results proved that Sen's trend test could be used for trend analysis of water parameters, mainly when low, medium and high data are evaluated.
In Slovakia, trend analysis of selected water parameters was done in 2009 at the Slovak Hydro-meteorological Institute [20] . However, the significance of the trends was not tested. The aim of the present study was to investigate the trend analysis of water parameters: biochemical oxygen demand (BOD 5 ), chemical oxygen demand (COD Cr ), pH, temperature (t), ammonium nitrogen (NH 4 + -N), nitrite nitrogen (NO 2 --N), nitrate nitrogen (NO 3 --N) and total phosphorus (TP) at stations along the River Laborec in eastern Slovakia. Trends in water quality indicators were examined using the Mann-Kendall non-parametric statistical test, and correlation between water quality parameters was also investigated using the Pearson correlation matrix.
Experimental part Material and methods Study area
The River Laborec flows from north to south through eastern Slovakia. It is 126.4 km long, with a catchment area of 4,522.5 km 2 ( fig. 1 ). There are two main tributaries: the Cirocha and Uh rivers. The Laborec flows into the River Latorica, and together with the River Ondava they form the River Bodrog, which continues via the Tisza and Danube (through Hungary and Romania) to the Black Sea.
Sources of water pollution in the Laborec river basins are urbanisation, industrial activity and agricultural production. Trends in water quality indicators were analysed at seven river stations; Krasny Brod situated at river kilometre (rk) 108.30, Nad Cirochou at rk 69.9, Brekov at rk 59.9, Petrovce at rk 45.10, Lastomir at rk 31.00, Stretavka at rk 19.00, and Izkovce at rk 10.30, in accordance with [6] as shown in figure 1.
Data from water quality indicators
Concentrations of water quality indicators were measured at the seven river stations by staff from the Košice branch of the Slovakian Water Management Company. Data for monitored parameters were provided for this analysis over a period of 15 years from 1999 to 2013.
The descriptive statistics for all water quality parameters at all river stations are shown in table 1. There are no large spatial variations in the water quality parameters. Standard deviations were calculated to assess the variability in water quality data. These values also show no obvious spatial variability between the stations along the River Laborec. It can be seen from table 1 that some parameters have relatively high skewness coefficients; BOD 5 and COD Cr for Krasny Brod, Brekov and Stretavka stations and NH 4 + -N, NO 2 --N, TP at all river stations. Characteristics of the water quality parameters analysed in this study are briefly described here. The biochemical oxygen demand (BOD) indicates the amount of oxygen used by micro-organisms in the oxidation of organic matter, and the chemical oxygen demand (COD) is a measure of the oxygen equivalent of the organic matter in a water sample that is susceptible to oxidation by a strong chemical oxidant, such as dichromate [21] .
The pH is an important parameter in water quality assessment as it influences many biological and chemical processes within a water body as well as water temperature and, therefore, the concentrations of many other parameters [21] .
Measurement of nitrates plus nitrites in surface water bodies indicates the level of organic pollution. Ammonium and organic nitrogen can enter water through sewage discharges and run-off from farmland [6] . The nitrate ion (NO 3 -) is the most common form of combined nitrogen found in natural waters. It may be biochemically reduced to nitrite (NO 2 -) through denitrification processes, usually under anaerobic conditions. The nitrite ion is rapidly oxidised to nitrate. Nitrates are useful nutrients for aquatic plants, and seasonal fluctuations can be caused by plant growth and decay. Phosphorus is an indispensable nutrient for living organisms. Artificial increases in concentrations of phosphorus due to human activity are the main cause of eutrophication [21] .
Statistical analysis
Data from the monitored stations were graphically analysed before the Mann-Kendall trend tests were performed. The Box-Whisker plot was used as an exploratory data analysis. A box plot is usually used in different problems, as it shows distribution of data values, and is based on the minimum, maximum, median, quartiles (25 th and 75 th percentiles), extreme and outlier values. In addition, box plots show where the data depart from the normal distribution by the number of outliers and the extreme values, which eases the choice of the nonparametric tests for trend analysis [18] .
Trend analysis is principally intended to detect whether data values tend to increase or decrease over time, or show no recognizable pattern (no trend). Trend detection is a complex issue because of the variety of statistical measures that can be applied to data (e.g. mean or median, variance, autocorrelation, skewness), resulting in particular parameters (meteorological, hydrological and climatological data) showing variability in time. Some established variations are recognized, i.e. a trend could be steady, cyclical with the seasons, or interrupted by sudden jumps, for example. Apart from seasonality, the findings of trend analysis may be influenced by skewness, serial correlation, non-normal data, less-than (censored) values, outliers and missing values. Trend analysis for a time series is a useful tool for better understanding of the effects of parameter variation. In this study, the non-parametric Mann-Kendall test was used for detection of trends in water quality indicators in one time series. The first proposal of the test was made by Mann and Kendall [22, 23] . The Mann-Kendall test is applied to statistics which are based on standard normal distribution (Z), using eq. (1). (1) in which, (4) where n is the number of data points, and m is the number of sample data that have the same value. The significance level in our case study was chosen as α = 0.05. Positive values of Z indicate upward trends, while negative values of Z show downward trends. The magnitude of the trend was stated using Sen's estimator [24, 25] . In this method, the slopes (β) of all data pairs are first calculated by (5) for j = 1, 2, ..., N, where x j and x k are data values at times j and k (j > k) respectively, and N is the number of all pairs x j and x k . A positive value of β indicates an increasing trend and a negative value indicates a decreasing trend in the time series.
All relationships (1), (2), (3), (4) and (5) were programmed in Microsoft Excel. The probability values are also presented. Assumptions such as pre-whitening [18, 19, 26] were not applied to the data in this study. Original recorded data were taken into consideration in order not to lose the originality of the time series in the trend methods.
To investigate correlations and relationships between the water quality parameters, correlation analysis based on Pearson's correlation coefficients was applied [27] .
Results and discussions
Box plots of water quality parameters Figure 2 (a)-(h) presents the box plots of water quality parameter results from the investigated river stations. Each figure shows the parameter variations between the seven stations.
The results reveal that the biochemical oxygen demand concentrations were lower than those of the chemical oxygen demand. Results of the parameter values in the study area were compared with the legal limit values given in the Slovak Republic by [28] , and with the limit values of [21] , which state the conditions for achieving good water status. BOD 5 concentrations varied from 0.8 to 13.3 mg.L -1 with a mean value of 2.1 mg.L -1 , while COD Cr concentrations ranged from 2.9 to 93.2 mg.L -1 with a mean value of 23.9 mg.L -1 . According to the environmental quality standard for surface water in Slovakia [28] , the limit value for BOD 5 is 7 mg.L -1 while the limit value for COD Cr is 35 mg.L -1 . Thus the obtained results for all the stations reveal that the average values did not exceed the set limits. For the whole of the River Laborec, values varied from 6.8 to 8.5, with an average of 7.9 mg.L -1 , which is still in the relevant limit ( fig. 2-c) .
Water temperature ( fig. 2-d) revealed variations throughout the year, with higher values during the summer (max. 28.9°C) and lower values during the winter (min. 0.0°C). Average water temperature in the river Laborec during the evaluated period was 10.9°C. Water temperature showed increases along the stream as the difference between the first and the last river station is about 100 km in the direction from north to south. Nitrogen and phosphorus pollution is considered one of the most serious problems in this catchment area. Nitrite nitrogen (NO 2 --N) revealed the highest pollutant concentrations; it ranged from 0.001 to 1.225 ( fig. 2-f) with an average value of 0.04 mg.l -1 , exceeding the limit value set in Slovakian legislation (0.02 mg.L -1 ). Ammonium nitrogen (NH 4 + -N) with an average value of 0.209 mg.L -1 did not exceed the legal limit (1.0 mg.L -1 ), although there were some outliers ( fig. 2-e ) during the monitored period. Non-polluted waters contained small amounts of ammonium, below 0.1 mg.L -1 . For the nitrate nitrogen (NO 3 --N) concentrations, the results were below the threshold value (5.0 mg.L -1 ), while the highest measured value was 4.12 mg.L -1 ( fig. 2-g) . Average total phosphorus (TP) concentration was 0.13 mg.L -1 , which is below the limit value of 0.4 mg.L -1 ). On the other hand, this limit was exceeded several times during the evaluated period, with highest concentrations of 2.71 mg.L -1 ( fig. 2h) .
Trends in water quality parameters Table 2 presents the results from trend analysis of water quality parameters recorded at seven river stations along the River Laborec: Krasny Brod, Nad Cirochou, Brekov,
Petrovce, Lastomir, Stretavka, and Izkovce. Data series with a monthly time step were generated for each parameter at each river station. In most cases this was straight-forward as generally there was only one observation per parameter per month. However, in a limited number of cases when more than one observation was available in a given month, the average value of those observations was used for that month. The data were tested statistically for trends using the Mann-Kendall test. The Z value of each parameter was calculated and compared with normal distribution critical Z values at the 95% confidence level (p). Sen's estimator (β) indicates the magnitude of the trend. The bold values indicate statistically significant trends. The results reveal that certain parameters had an increasing trend while others had a decreasing trend, and some parameters had no trend (trendless time series). BOD 5 and COD Cr concentrations reported clearly decreasing trends in the study area. Significant decreasing trends in BOD 5 concentrations were recorded at the Krasny Brod and Petrovce river stations, while significant decreasing trends in COD Cr concentrations were found at the Petrovce, Lastomir, Stretavka and Izkovce stations. Trends in pH values were variable; the Krasny Brod, Nad Cirochou and Stretavka stations produced statistically significant decreasing trends, while the Petrovce and Lastomir stations produced statistically significant increasing trends. There are only increasing trends in water temperatures at the evaluated river stations; Petrovce and Lastomir show statistically significant increasing trends. Nitrogen ion trends revealed another phenomenon: there were main decreasing trends in these ions. The Brekov, Petrovce, Lastomir and Stretavka stations produced statistically significant decreasing trends in NH 4 + -N; Krasny Brod, Nad Cirochou, Petrovce, Lastomir and Stretavka also produced statistically significant decreasing trends in NO 2 --N; and only Izkovce produced statistically significant increasing trends in NO 3 --N. There were no statistically significant trends in total phosphorus concentrations during the evaluated period of 1999-2013. Statistically significant trends were found in twenty-three parameters at all stations according to the MK trend test. Eighteen of these showed decreasing trends while only five showed increasing trends (table 2). The highest negative value (in absolute terms) in Z calculated values is for NO 2 --N at the Nad Cirochou station with -5.69, which indicates that there is a decreasing trend. The highest positive value in Z calculated values is at the Lastomir station with +1.996, which indicates that there is an increasing trend.
The results of trend analysis are presented in figure 3 . Results of the correlation analysis (table 3) show that there are almost no correlations (r < 0.4) between the evaluated water quality parameters.
There are only small positive correlations between COD Cr and BOD 5 (r = 0.3783) and between t and NO 2 --N (r = 0.2124), and the only strong correlation is between pH and NO 3 --N (r = 0.6178). Water streams reflect the physical features of their catchment areas and are influenced by climatic conditions and human activity. The flow characteristics of a river are important for understanding the blending processes in the river. Knowledge of these processes and specialist experience are indispensable for the correct siting of monitoring stations within the river basin [4, 5, 29] . The concentrations of chemical indicators of water quality as well as values of physical characteristics can provide useful data on the origins of pollutants [30, 31] . The pollution arising from urban development, industrial and agricultural activities has led to increasing need for serious assessment of water quality parameters. On the other hand, the decreasing intensity of these activities has led to reduced water pollution in rivers. Water quality assessments are typically used for identifying whether waters really fulfil their intended uses; for identifying sources of pollution and specific pollutants in water bodies; and for analysing increasing or decreasing trends in water quality parameters [6, 20, 32] . Although water quality variability could be explained by point source pollution, land use and routine sluice regulation to a certain extent, the water environment appears to be affected by various potential factors, for instance topography, geology and climate [33, 34] . Natural hydrological processes are complicated by the diverse morphologies of underlying surfaces and hydro-geological conditions, which further affect nutrient percolation, partition and enrichment processes. Thus water quality assessment seeks to characterise the spatial and temporal changes of parameters of concern.
Biochemical oxygen demand (BOD) and chemical oxygen demand (COD) are often used as measures of the susceptibility to oxidation of the organic and inorganic compounds present in water and in the discharges from waste-water treatment plants. Non-polluted waters have BOD values usually of 2 mg.L -1 or less, whereas polluted waters may have values up to 10 mg.L -1 or more. The concentrations of COD monitored in surface waters range from 20 mg.L -1 or less in non-polluted waters to greater than 200 mg.L -1 in polluted waters [21] .
The results obtained in this study reveal that BOD 5 and COD Cr concentrations reported clearly decreasing trends in the study area, and that these results are in agreement with the findings of [4, 6, 20] . The decreasing trends in these parameters result from declining industrial activity in the last 25 years, and mainly from widespread installation of waste-water treatment plants in the study area [4, 6, 34] . Temperature of surface waters is influenced by latitude, altitude, time of day, weather, season, discharge and depth of the water body. The obtained results show that water temperature increased along the stream as the difference between the first and the last river station is about 100 km in the direction from north to south. A similar increasing trend in water temperature at evaluated river stations was reported in [6] .
Sources of nitrates in rivers include igneous rocks, land drainage, plant and animal debris, and use of inorganic nitrate fertilisers. Sources of phosphorus are organic and mineral constituents, municipal waste waters (detergents), industrial discharges and fertilisers [21] . It is evident that the nutrient status of water streams corresponds to the contribution of diffuse as well as point sources of pollution: sewage effluents, fertilisers and nutrients, as well as atmospheric deposition. Decrease in nutrient concentrations is recognized in areas where agricultural activity and use of fertilisers has decreased [21, 34] . Because human activity mainly enhances loads of total nitrogen and total phosphorus in running waters, it may have a serious impact on their ecological quality status. Nitrogen concentration (NH 4 + -N, NO 2 --N, and NO 3 --N) trends reveal decreasing incidence of nitrogen ions at all river stations. The reason for decreasing concentrations of nitrogen ions in the studied area is related to the significant decline in agricultural activity [3] [4] [5] 27] . These findings are also in accord with [21, 34] in that nitrite concentrations in surface waters are often very low, 0.001 mg.L -1 , and seldom higher than 1 mg.L -1 . In addition, total ammonium concentrations measured in surface waters are usually below 0.2 mg.L -1 but can be as high as 2-3 mg.L -1 . Higher concentrations indicate organic pollution such as domestic sewage, industrial waste and agricultural fertilisers [21, 34] . There were no statistically significant trends in total phosphorus concentrations during the evaluated period of 1999-2013. These findings correlate with [31, 32] , since surface water phosphorus concentrations are seldom high as phosphorus is taken up by plants. There can however be seasonal variations in phosphorus concentrations in surface waters [21] .
In this context, the main objectives of this study were to investigate trends in water quality parameters in the River Laborec. The Mann-Kendall non-parametric test was used for trend detection. The advantage of the MK test is that, unlike parametric tests such as linear regression, it is not sensitive to outliers, extreme values or missing measurements. In essence, MK statistics can determine the probability that an observed trend could have occurred due to chance alone [24, 26] . The magnitude of the trends was evaluated using Sen's estimator [25] and the results are presented in Tables 2-9 . The results show a mainly decreasing trend in concentrations of pollutants in the study area, and these results are consistent with the finding of [17] [18] [19] in the investigation of water quality trends. The only clearly increasing trend was in nitrate nitrogen (NO 3 --N). The other parameters such as biochemical oxygen demand (BOD 5 ), chemical oxygen demand (COD Cr ), nitrite nitrogen (NO 2 --N), and ammonium nitrogen (NH 4 + -N) all show decreasing trends in the river [15, 17] . There was no trend in total phosphorus (TP) concentrations. It should be borne in mind that changes in river flow over time can also complicate the interpretation of data on concentrations.
Conclusions
Improvements in water quality parameters have been delivered through environmental regulation; cleaner technologies, improved sewage treatment and changes in agricultural practice with decreasing industrial activity in the area. One statistically significant increasing trend has been confirmed in water temperature, which is connected with climate change (increasing air temperature) in the area. Trends in pH are variable. Water quality has a natural tendency to deteriorate at the lower monitoring stations in the direction of water flow. In addition, using trend approaches proves to be a good indicator for water quality and stream behaviour.
The findings of this research provide the following insights for future studies. For instance, the results of this study present important knowledge and an a priori view for engineers and practitioners implementing structures in any region when looking at prevailing events in the regions. We performed this research with the aim of understanding trends in water quality parameters and with the intention to use these results as implications on national and international scales.
